This paper examines the performance of simple monetary policy rules in a two country open economy model under both cooperative and non cooperative settings. In particular, it examines the extent to which simple policy rules with external variables and simple policy rules under policy coordination can help improve an adversely affected economy: one that faces greater persistence of inflation, higher volatility of shocks, and a greater vulnerability to exchange rate fluctuations.
Introduction
Economists from Milton Friedman to Alan Blinder(1998) have claimed that countries that conduct monetary policy in a systematic, transparent manner will reap substantial economic benefits by reducing policy induced uncertainty and enhancing the ability of agents to make decisions over long horizons. As a result, there has been considerable recent interest among researchers and policy makers in identifying and analyzing the performance of simple monetary policy rules. Until recently, most researchers used closed economy macroeconomic models to analyze the performance of monetary policy rules. 1 The recent work of Ball(1997a,b) and Svensson(1998) has highlighted the potential importance of external shocks to the monetary policy maker's decision in small open economies. 2 The traditional argument for using a closed economy model for analysis of U.S. monetary policy has been that its sheer size warrants such a simplifying assumption; essentially no other country is large enough for its macroeconomic fortunes to command serious consideration by the Federal Reserve. However, the East Asian economic crisis in 1997 has shown that events that affect an entire region can affect the U.S. economy, even if no individual country in the region is large enough to warrant consideration by U.S. policy makers. In the latter part of 1997 and 1998, the Obstfeld & Rogoff(1995) and the closed economy models of Rotemberg & Woodford(1997) and McCallum & Nelson(1998) . These models, widely used in the recent literature on the performance of monetary policy rules, mostly emphasize microeconomic foundations. 3 In other work 4 , I have shown that the results derived from an open economy model of the type used by Svensson (1998) are dependent on the degree, and type, of asymmetries in the structure of the two economies. In particular, differences in the persistence of inflation, the magnitude of shocks to inflation and the vulnerability to exchange rate fluctuations affect the policy responses and the macroeconomic outcomes in the two countries. 5 By introducing these individual asymmetries into an otherwise symmetric two country model, I am able to examine the individual impact of each asymmetry on macroeconomic performance and also examine the appropriate policy response.
In particular examine whether the adversely affected country can improve its situation by following policy rules with external variables or by undertaking policy coordination. 6 The results show that monetary policy makers are unable to compensate for the adverse impacts of greater inflation persistence or higher inflation shocks by adjusting reaction coefficients on domestic variables, by reacting to external variables or by policy coordination. This inability to find a monetary policy remedy suggests that policy makers can make things better only by attacking the root of the problem. To the extent that shocks to inflation are sometimes driven by inconsistent policy making and rigidities in inflation are driven by rigidities in expectations, a credible antiinflationary stance can help alleviate the problem. However, the incomplete microfoundations of the sources of inflation persistence in commonly used macroeconomic models prevent a more complete answer to these problems.
The impact of an asymmetry in the vulnerability of the two economies to exchange rate fluctuations can be mitigated either through independent reaction to the real exchange rate or through policy cooperation. However, disaggregating the gains to cooperation show that, in this type of scenario, the less vulnerable country has little to gain from cooperation; any cooperative agreement requires it to be willing to make itself slightly worse off in exchange for improving the well being of the more vulnerable economy dramatically.
Overall, the results from the model are informative and accord with intuition. Furthermore, one can use these results to think about the monetary policy relationship between the Federal Reserve and the European Central Bank. 7 For example, the relationship between the U.S. and the EMU will be asymmetric as long as the EMU has higher shocks, a greater persistence of inflation and a greater vulnerability to exchange rate fluctuations, because of a larger import share and higher pass-through. As the EMU matures, better policy making by the ECB and a more dominant role for the Euro will help alleviate the performance asymmetries of the two economies. Until that time the external dimension of monetary policy is likely to be more important to the ECB: it should care about the value of the Euro much more than the Fed should care about the value of the dollar.
The Model
The model is a two country open economy extension of a simple, rational expectations model of the macroeconomy presented by Svensson(1998) . The model is derived mostly from the behavior of optimizing consumers and firms. However, it does contain ad hoc assumptions about the partial adjustment of prices and output.
Exchange Rates
The real exchange rate Q t is defined as the relative price of Foreign goods: 8 ln Q t = ln P f t − ln P h t ≡ ln S t + ln P
where S is the nominal exchange rate expressed in terms of Home currency per unit of Foreign currency. An increase in S signifies a depreciation of the Home currency. Correspondingly, an increase in Q denotes a depreciation of the real exchange rate which raises the price of Foreign goods relative to Home goods. The real exchange rate can be written in terms of deviations from the mean as 9
Here Home and Foreign prices are measured as percentage deviations from constant trends while the nominal exchange rate is measured as the percentage deviation from a trend which is the difference between the trend domestic and foreign price levels.
The dynamics of the nominal exchange rate are modeled, following the standard practice in the literature, as satisfying the Uncovered Interest Rate Parity(UIRP) Relationship, allowing for the existence of risk premia. 10 The behavior of the nominal exchange rate can then be expressed as E t ln S t+1 − ln S t = I t − I * t − ϕ t where ϕ t is the risk premium and I is the nominal interest rate. This equation implies that arbitrageurs ensure that the return on domestic assets is higher than the risk adjusted return on foreign assets by the exact amount that they expect the nominal exchange rate to depreciate over time. The risk premium is assumed to follow a simple AR(1) form given by
The UIRP equation can be rewritten for the real exchange rate (in terms of deviations from 8 In order to keep the notation consistent and informative, superscript h is used for the Home country and superscript f for the Foreign country. An asterisk is used to denote the value of a variable in the Foreign currency. So P f is the price of Foreign goods in Home currency units but P f * is the price of Foreign goods in Foreign currency units. 9 Uppercase Roman letters are used to refer to levels of variables and lowercase Roman letters to refer to % deviations of variables from their means.
10 Numerous studies have shown that uncovered interest parity in its purest form (i.e. not allowing for a risk premium to exist) fails to hold (see Hallwood & MacDonald(1994) for a summary). However, many of these studies do not apply to a risk premium adjusted form of UIRP, and it remains a more satisfactory way of describing exchange rate dynamics.
the mean) as the following:
Demand Side
The aggregate demand equations are derived from utility maximizing consumers who have an intertemporal CES utility function with intertemporal elasticity of substitution σ over a composite consumption goodC. This utility function can be written as
This utility function yields a standard Euler equation (in terms of deviations from the mean) of the form 11c
The composite good is a Dixit-Stiglitz-Spence aggregate function of composite Home goods (C h ) and composite Foreign goods (C f ) with elasticity of substitution θ between the two types.
The prices of these goods are given by P h and P f respectively. The demand for Home and Foreign goods by Home consumers (once again in deviations terms) is
The price of the composite consumption goodC is an aggregate function of the prices of Home and Foreign goods given in deviations terms bȳ
where ω is the share of Foreign goods in the composite consumption good.
The definition of the real exchange rate q t = p f t − p h t and the relationship between the price of the composite good and the prices of Foreign and Home goods can be used to derive the demand by Home residents for Home and Foreign goods. These demands and the corresponding demands by Foreign residents for Home and Foreign goods are given by
t is the CPI real interest rate, calculated as the nominal interest rate less CPI inflation.
Using the Euler equations, the demand for Home and Foreign goods by Home and Foreign residents can be written as:
In the above equations the term ρ is what Svensson(1998) refers to as an "infinite horizon market discount factor". This discount factor is defined as ρ t = ∞ τ =0 r h t+τ where r h t is the short term domestic inflation real interest rate. 12 The discount factor ρ t is the sum of current and future deviations of the short-term real interest rate from its mean. As Svensson points out, if the expectations hypothesis holds and the horizon is finite, then one can also think of it as a long-term real interest rate multiplied by the length of the term. 13 These two equations reveal the role of the real exchange rate. A depreciation of the real exchange rate, q t , increases the relative price of Foreign goods and leads to a higher demand for Home goods by consumers in both the Home and Foreign countries. This means that c h and c h * both increase while c f and c f * both decrease. There is also a secondary channel through which changes in the real exchange rate affect the demand for goods. Since q reverts back to the mean in the long run, a current depreciation results in expected future appreciation of the real exchange rate. This will lead to a decrease in expected CPI inflation, which all else equal, raises the expected future CPI real interest rate,r. From the Euler equation one can see that this will reduce Home consumption of both Home and Foreign goods, i.e. c h and c f will both decline. 14 The net impact of these two changes is positive because the intertemporal elasticity of substitution σ (typically < 1) is smaller than the elasticity of substitution between Home and Foreign goods, θ (typically ≥ 1). 
An unfortunate feature of these optimization based macroeconomic models is their inability to replicate the dynamics of the data as well as a purely backward-looking model like a VAR. 15 On the other hand, as pointed out in Fuhrer(1997), a forward-looking, rational expectations model is much less vulnerable to the Lucas Critique than a purely backward-looking model. A possible compromise then is to follow Svensson(1998) and incorporate lagged adjustment terms into the model in an ad hoc manner. This can be viewed as a necessary evil required to match an optimization based model to the data. 16 Aggregate demand is assumed to be determined one period ahead 17 , and to adjust only partially from one period to the next. This leads to the following equations in which β y denotes the degree of adjustment:
These equations produce the following aggregate demand functions:
(1)
where the reduced form parameters in the above equations are related to the structural parameters of the model according to the following relationships:
The reduced form of the model is written so that each of the β coefficients takes on a positive 15 See the criticism of the forward-looking model of Rotemberg & Woodford by Fuhrer(1997) . Fuhrer shows that their matching of the data is almost entirely attributable to the ad hoc "disturbance terms" that they add to their model. In the absence of these disturbances their model fits the data poorly. 16 Even though this paper does not contain an empirical application, I feel it is still preferable to use the most practically relevant version of the model. 17 It is assumed to take one period before changes in interest rates affect aggregate demand.
value. Therefore, the long horizon discount factors, both at home and abroad, reduce the demand for goods as the Euler equation demonstrates. Depreciation of the real exchange rate reduces the demand for foreign goods and increases the demand for home goods. 18 
Supply Side
Both Home and Foreign economies have a continuum of goods and producers that runs from zero to one. 19 Each producer, indexed by i, faces a downward sloping demand curve for their product by
, and by Foreign residents of
. By combining the demand by Home and Foreign residents, the demand function faced by the producer of good i can be written as
Following convention among papers in this area, prices are assumed to be set according to the staggered price-setting model of Taylor(1980) . In particular, it is assumed, as in Akerlof & Yellen(1991) and Yun(1996) , that firms maximize profits taking this staggered price-setting constraint into account. The model follows Calvo(1983) in that each producer is assumed to be free to change prices with probability (1 − α) in a given period. Then a producer setting a price at period t must consider the possibility that she may never be able to change the price again. Her price setting decision is the solution to the following problem:
Here Λ t is the marginal utility of income at time t, V [y t+τ (i)] is the input requirement function (the amount of inputs needed to produce y t+τ (i) units of output), and W is the per unit cost of these inputs. Embedded in this maximization problem is the assumption that the producer sets the price of her goods in domestic currency. The price of that good in the foreign market is then determined by the prevailing exchange rate. While this assumption may be realistic for U.S. producers, it is unrealistic for foreign producers; given the size of the U.S. market, foreign producers may price their goods in dollars rather than allow the dollar price to fluctuate with the exchange rate. Even though an attempt is made to control for imperfect pass-through in subsequent applications of the model, it is important to remember that the microeconomic foundations of the model do not incorporate producers who explicitly price discriminate between the domestic and foreign markets.
Tedious algebra 20 results in the following first order condition in deviation terms:
In this equation π h t is quarterly domestic inflation defined as p h t − p h t−1 , γ is the share of Foreign inputs in the production of Home goods,ṽ is the elasticity of the input requirement function V(.) with respect to demand, and ξ =
is a function of the above described structural parameters of the model. This equation relates domestic price inflation to the demand for goods by consumers, expectations of future prices and the real exchange rate.
Domestic inflation is assumed to be predetermined two periods in advance, i.e. that there is a two period lag in the effect of policy on domestic inflation. This is a standard assumption made by both Svensson(1998) and Ball(1997) , based on the empirical observation that the impact of monetary policy on domestic inflation occurs with a longer lag than does its impact on output.
In this model, changes in monetary policy affect domestic inflation primarily through the aggregate demand channel. Since aggregate demand is predetermined by one period, inflation is therefore assumed to be predetermined by two periods. In addition, as in the demand equations, partial adjustment of prices is assumed for empirical estimation purposes resulting in the following price adjustment equation:
The corresponding price-adjustment equation for the Foreign country is given by
The relationships between the structural parameters and the reduced form parameters are as follows:
The general structure of the price adjustment equation follows in a straightforward fashion from the assumptions described above. Domestic inflation is affected by the previous period's inflation because of the assumed inertia of inflation. It is also affected by expectations of future inflation because of the optimization problem faced by producers who may not be able to change their own prices in the future because of the staggered price setting. As expected, higher demand for goods and services will increase the prices of goods while the expected depreciation of the real exchange rate will raise the cost of inputs and increase domestic inflation in the Home country. 21 This concludes the layout of the basic model. 
State-Space Representation
The main equations of the model can be summarized by the following equations, rewritten in a format appropriate for a state-space representation:
(5)
(10)
In the above system, equations (5) and (6) are the aggregate demand equations and equations (7) and (8) are the price adjustment equations. Equation (11) is the UIRP relationship that describes the behavior of the real exchange rate. Equation (12) describes the AR(1) representation of the risk premium. Equations (9) and (10) are recursive definitions of the infinite-horizon discount factors for the Home and Foreign economies.
The next step is to obtain a compact reduced form representation of the dynamic path of the economy. The variables for the Home economy are categorized into 2 groups, X t , the set of predetermined state variables, and x t , the set of forward-looking variables. The variables for the Foreign economy are categorized similarly: the two categories are labeled X * t and x * t , respectively. The forward-looking variables in this system are the real exchange rate (q t ), the infinite horizon discount rate (ρ t ) and agents' expectations at time t about inflation three periods hence (E t π h t+3 ). The actions of the policy maker at time t will affect the value of each forward-looking variable. For example, all else equal, an increase in the nominal interest rate will be associated with an immediate appreciation of the real exchange rate. In addition, the UIRP equation also implies an expected depreciation of the real exchange rate in the next period; equation (5) shows that this expected depreciation affects output in the next period and, because of the partial adjustment, also affects output two periods from now. According to equation (7) the real depreciation, working through the output gap channel, will then affect expected inflation three periods hence. Therefore,
are forward-looking variables as well. Finally, the discount factors, being the sum of current and expected future real interest rate deviations, are by definition directly affected by changes in the nominal interest rate today.
The categorization of the variables in the system is as follows:
By defining the following terms,
a system of equations that incorporates the above equations with appropriate identities can be used to provide a notationally compact description of the dynamic path of the economy as follows:
In this equationÛ t = [i t , i * t ] is the vector of choice variables and
is a vector of variables that are functions of the forward-looking variables and the state variables.
The entries of the Λ matrices are functions of the reduced form coefficients of the model. This system is simplified to obtain the following representation of the dynamic path of the economy: 22
22 Details of these derivations and the definitions of the Λ matrices and the matrices A, B, B F and Υ are provided in the appendix.
Policy makers are assumed to be completely aware of the dynamic path of the economy when they decide upon the appropriate monetary policy for their country. Each policy maker is assumed to have a loss function of the form: 23
This is an extremely general loss function which allows for different preferences for the policy maker by varying the weights in the loss function. This loss function lends itself naturally for analyzing any economy, such as the United States in the last 15 years, where policy makers act systematically to minimize fluctuations in macroeconomic variables.
There are a few interesting features of this loss function. First, the loss function does not incorporate foreign variables; the policy maker's concern about foreign variables is for purely selfish reasons. She does not care about the welfare of the other economy or about potentially beneficial externalities of her actions, unless there are repercussions for the domestic economy. Second, as reflected by the addition of an interest rate smoothing term into the loss function, the policy maker is assumed to care about the volatility of interest rates. The smoothing term is added to capture some realism; in its absence the model will tend to generate considerable fluctuations in interest rates as the policy maker attempts to ward off the negative impacts of exchange rate fluctuations for example. The resulting scenario of low inflation and output volatility combined with a high level of interest rate volatility is unrealistic despite generating "good performance" in the context of this model. In a world with equity markets that are highly sensitive to interest rate fluctuations, excessive interest rate volatility will generate adverse macroeconomic outcomes. Given the many asset markets that are omitted from this model for analytical convenience, one way to introduce realism into the model is to directly incorporate the smoothing term into the policy maker's loss function; albeit with a lower weight than on inflation and output. 24 The international dimension of monetary policy becomes important because of the presence of the CPI inflation term in the loss function. The definition of CPI inflation,
shows how movements in the exchange rate directly affect the rate of CPI inflation. If the policy maker had the ability to directly control exchange rates then she would have a direct channel 23 The termπt refers to CPI inflation (which is distinct from domestic inflation which can be thought of as a GDP deflator for example), while the µt's are weights that depend on the policy maker's preferences. 24 Woodford(1998) also addresses the inertia of central bank policies. He shows that when a central bank recognizes the forward-looking nature of the private sector's behavior, its credibility may depend on its commitment to maintaining nominal interest rate inertia. This provides some justification for incorporating a direct concern about interest rate volatility into the policy maker's loss function.
through which she could easily control inflation. According to the UIRP equation
the policy maker does have some ability to influence the exchange rate by changing nominal interest rates, but this ability depends on expectations remaining static. Therefore, unlike in Ball(1998), a Monetary Conditions Index is not used as a policy tool. Instead, the nominal interest rate serves as the policy tool with exchange rate movements having a potentially important impact on the loss function of the policy maker.
Parameter Choice
The relevant equations of the model are summarized below. Values for the α and β parameters in the price adjustment and demand equations, the AR(1) coefficient in the risk premium equation and the import shares (ω and ω * ) for the two countries are chosen according to what Svensson(1998) terms "a priori not unreasonable" criteria. These parameters can then be varied in a series of simulations designed to impose different types of asymmetry on the two economies. 25 The main equations of the model are given by the following equations:
Values chosen for the reduced form parameters of the model are given below. Demand side parameters are selected to be consistent with an inter-temporal elasticity of substitution of 2/3 and an import share of 0.2. 
Variances of the shocks to the above system of equations are presented below; the shocks to output and the exchange rate are assumed to have a variance of 1/2 and the shocks to inflation 
Simple Policy Rules: Non-Cooperative Case
This section describes how to calculate the performance of various policy rules when the policy makers in the two countries do not cooperate. Each policy maker has an objective function defined only over her own country's variables and each controls only her own policy tools. The period loss functions for the Home and Foreign countries respectively are given by:
These objective functions can be defined in terms of the goal variables
The strategic interactions between the two policy makers must be factored into the calculation of the optimized simple policy rules. Each policy maker is assumed to be aware of the type of rule that the other is following. The adjustment process (possibly) leading to equilibrium is as follows. Taking the other's policy rule as given, the first policy maker searches over the coefficients of her own type of rule to find the best response. The second policy maker, anticipating this behavior, searches over the coefficients of her own rule to find the appropriate response to this new set of coefficients. This type of Cournot adjustment process is repeated until the coefficients in each feedback rule converge.
In order to search over the coefficients for the best performing rule, it is first necessary to calculate the loss function for each policy maker for a given set of feedback rules, i t = fX t and i * t = f * X t . The policy variables at time t+1, i t+1 = fX t+1 and i * t+1 = f * X t+1 , can then be collectively expressed asÛ t+1 =fX t+1 ≡ FẐ t+1 wherê
Recall that the dynamic path of the economy is given by
By substituting inÛ t+1 = FẐ t+1 the path of the economy can be rewritten as
The dynamic path of the two economies can be separated out into two matrix equations, one for the forward-looking and one for the predetermined variables, by appropriately partitioning the matrices of reduced-form parameters so that
A feature of the solution to these types of models is that the forward-looking variables are endogenously determined functions of the state variables. So the forward-looking variables at time t+1 can be written as x t+1 = h t+1Xt+1 and x * t+1 = h * t+1X t+1 . This relationship can collectively be expressed asx t+1 = H t+1Xt+1 where
By substitutingx t+1 = H t+1Xt+1 andÛ t =fX t into the dynamic path of the economy, the relationship between the forward-looking variables and the predetermined variables for the two economies can be written as:
Given an initial value for H t+1 , the above equations can be iterated to solve for H t which describes the relationship between the forward-looking variables and the predetermined variables given the policy rules f and f * .
The remaining task is to show how to calculate the value of the loss function after calculating the values of h, h * that correspond to the given f and f * . 28 The dynamic path of the economy can now be written as
28 Note that H can be appropriately partitioned to obtain the h matrices so that ht = H By partitioning the M matrix appropriately and using the fact thatx t = HX t , the dynamic path of the predetermined variables can be expressed aŝ
Let Σ υυ denote the variance-covariance matrix of Υυ t , which can be calculated from the data. Then the variance-covariance matrix of the predetermined variables is given by 29
The goal variables can be expressed as a function of the state variables in the system: 30
Y t = C zẐt + C uÛt and Y * t = C * zẐ t + C * uÛ t . These goal variables can be expressed as functions of the predetermined variables alone by using the fact thatx t = HX t andÛ t = fX t and by appropriately partitioning the matrices C z and C * z so that
Variances of the goal variables for the Home country and the Foreign country are given by
The value of the loss functions can then be easily calculated by appropriately weighting the variances of the goal variables.
Calculating the performance of the case where both countries are following a simple policy rule is a straightforward application of the above technique for a given policy rule f and f * . To find the optimized simple policy rules, each policy maker searches over the coefficients of a particular type of policy rule taking the other policy maker's actions as given; each iteration of the search requires an application of the above solution technique. Once the best response rule has been found, the entire process is repeated to find the best response of the other policy maker to this new rule.
This Cournot type adjustment process, where each policy maker calculates their best response to a given policy rule, is repeated until the two policy makers converge to their best response rule.
Four different simple policy rules are analyzed for each of the simulations in this paper. The first is the well-known Taylor Rule with reaction coefficients 0.5 and 1.5 on output and inflation respectively i t = 1.5π t + 0.5y t 29 See Hamilton(1994) . 30 The matrices Cz, C * z , Cu and C * u are defined and derived in the appendix
The remaining three are optimized simple monetary policy rules, i.e. rules where the policy maker is assumed to be limited in what she can react to but allowed to pick the optimal magnitude of reaction. The first is an optimized Taylor rule which is obtained by searching over different reaction coefficients for inflation and output for the combination that minimizes the loss function.
The optimal coefficients of two open economy policy rules: Open Economy Rule 1, where the policy maker also reacts to foreign output, and Open Economy Rule 2, where she instead reacts to the real exchange rate are also calculated. These optimized rules can be expressed in the following form:
Simple Policy Rules: Cooperative Case
The previous section described how to calculate the performance of simple policy rules in a noncooperative setting. This section describes how this solution technique can be modified to analyze the case where the two policy makers act cooperatively to minimize a joint loss function. The period loss function of the joint policy makers is assumed to be of the form:
As before, the weights on the volatility of output and inflation in the loss function are chosen to be equal with a smaller weight placed on the interest rate smoothing term. Given the roughly equal size of the populations and the economies in the EMU 11 and the United States, an egalitarian stance about the nature of the cooperative relationship is taken in keeping the weights on each country's macroeconomic variables equal.
As before, the period loss function can be rewritten in terms of set of goal variablesŶ t aŝ
where the goal variables can be expressed as a function of the state variables in the system:Ŷ t = C zẐt + C uÛt . The period loss function of the joint policy makers an also be written aŝ
Recall also that the dynamic path of the economy is
The calculation of the performance of a simple policy rule is almost identical to the non-cooperative case. The policy makers BOTH commit to following a simple rule of the formÛ t = fX t ≡ FẐ t where F = [f 2 * 6 ]. 31 As before, I first show how to calculate the loss for a given simple rule, i.e. a given F. The optimized simple rule of a particular type can be found by searching over the reaction coefficients of that type of rule to find values that minimize the loss function.
The forward-looking variables at time t+1 are also endogenously determined functions of the state variablesx t+1 = H t+1Xt+1 . By substitutingx t+1 = H t+1Xt+1 andÛ t+1 =fX t+1 into the dynamic path of the economy, the following relationship emerges between the forward-looking variables and the predetermined variables for the two economies:
Given an initial value for H t+1 , the above equations are iterated on to solve for H t , which describes the relationship between the forward-looking variables and the predetermined variables given the policy rule F t .
Once H t is calculated, calculating the value of the loss function is relatively straightforward.
Note that the following method is also used to find the value of the loss function in the discretionary case. For a given F t , the dynamic path of the economy is given by
By partitioning the M matrix appropriately and using the fact thatx t = HX t , the dynamic path of the predetermined variables can be written aŝ
Let Σ υυ denote the variance-covariance matrix of Υυ t ; the values of this variance-covariance matrix can be calculated from the data. Then the variance-covariance matrix of the predetermined variables is given by
Similarly, the goal variables can be expressed as a function of the predetermined variables alone:
Note that some of the policy rules may also depend on forward-looking variables so that F=[f g] where g is a matrix that may not be all zeros.
The variance of the goal variables is given by vec ΣŶŶ = C ⊗C vec (Σ υυ ) .
Given the variances of the goal variables, the value of the loss function can be calculated by weighting these variances appropriately.
6 Simulation Results
Simulation I: Persistence Asymmetry
The first set of simulations introduces an asymmetry in the persistence of inflation between the two countries: the persistence of inflation in the Foreign economy, α * p , is increased from 0.6 to 0.8. A priori, we expect that this asymmetry will worsen the performance of the country faced with a higher persistence of inflation. In addition to the negative impact on macroeconomic performance, there may be reasons to believe that the greater persistence also requires a high reaction coefficient on inflation in the affected country's policy rule. The intuition is that an increase in inflation, because it is long lasting, should be treated more seriously than a corresponding increase in a variable that may dissipate faster. There is also reason to believe that the policy maker in the Home country gains a strategic edge in the non-cooperative setting by having a counterpart who is "handcuffed" by more persistent inflation.
Non-Cooperative Case
The table below shows the results for the simulation, relative to a baseline case, in which the two economies are symmetric. The numbers fail to back up the hypothesis that the greater persistence should bring about a stronger reaction to inflation by the Foreign policy maker. In fact, the results seems to indicate the opposite: the reaction coefficient on inflation for Foreign decreases while the coefficient for Home increases. 32 The next table, which outlines the macroeconomic performance of the two economies, shows that this relative similarity in reaction functions hides a substantial asymmetry in macroeconomic performance. The increase in asymmetry does in fact substantially worsen the macroeconomic performance of the Foreign economy, while the performance of the Home economy is barely changed from the baseline. Furthermore, the Foreign country can not reverse this deterioration in performance by following open economy policy rules. 
Cooperative Case
The final question that needs to be explored here is whether the higher persistence of inflation "handcuffs" the Foreign policy maker, i.e. is the adverse impact on the Foreign economy worse in the non-cooperative case. A priori there are not many reasons to believe that cooperation can ameliorate the adverse situation brought about by the increase in persistence. Given the similarities between the reaction functions in the cooperative and non-cooperative environments it is not surprising to find that the performance in the cooperative case is equally asymmetric. A policy maker who is faced with a more persistent inflation series cannot gain any solace from policy coordination; she is as badly off as she was under non-cooperation. The gains from cooperation, as the table below shows, are minimal. In summary, the results from this exercise show that a small increase in the persistence of inflation can have a significantly negative impact on the macroecomic performance of the country.
Furthermore, this adverse impact is immune to different choices of simple policy rules; monetary policy makers can improve matters only by attacking the root of the problem. One solution may be to increase the credibility of the anti inflationary stance of the central bank. This will help reduce the persistence of expected inflation, for example. Finally, results show that the country with the higher persistence of inflation is not adversely affected by the strategic interactions with a counterpart facing a more favorable economic climate. The additional negative impacts of the strategic interaction, or conversely, the gains from cooperation, are fairly small and evenly distributed.
Simulation II: Asymmetry in the Volatility of Shocks
The second set of simulations introduces an asymmetry in the volatility of the shocks to inflation and output that hit the two economies: the variances of shocks to output and inflation in the foreign economy are doubled. 33 The primary interest is in examining the adverse impact this change has on macroeconomic performance in the affected country, especially in comparison to the drastic consequences exhibited by the first simulation exercise.
The second issue analyzed in this section is the distribution of gains from cooperation.
When two mostly symmetric economies that have a different distribution of shocks act jointly, they may try to transfer the impact from the adversely affected country to the other. The overall performance may improve under cooperation with the underlying distribution of gains likely to be in favor of the adversely affected economy. 34
Non-Cooperative Case
The following The variance of output is increased from 0.5 to 1 and the variance of inflation from 1 to 2. 34 Given the lack of interesting hypotheses about the impact of this change on the reaction functions, details of the reaction functions are not presented here. It suffices to say that the reaction functions do not dramatically differ from the baseline.
35 Consider the case where both policy makers start with a simple Taylor Rule. One of the policy makers would find it to be in their best interest to deviate from the 0.5 and 1.5 coefficients on output and inflation. In response to this deviation, her counterpart searches for her own best response which then leads the first policy maker to search for a new best response and so on. Soon both policy makers have deviated from the Taylor Rule and adversely affected themselves creating a Prisoner's Dilemma.
Cooperative Case
The remaining issue is whether cooperation can transfer some of the negative impact from the adversely affected country to the other. A priori, the Prisoner's Dilemma scenario outlined in the previous analysis indicates potential benefits from cooperation; the two policy makers could choose to each follow a Taylor Rule. Given the superior performance when both policy makers follow a Taylor Rule, we would also expect the reaction coefficients in the cooperative case to be close to the Taylor Rule coefficients. Dissecting the gains from cooperation reveals that the gains do NOT accrue disproportionately to the Foreign economy. There is a definite lack of support in the model for the hypothesis that, under policy cooperation, the country facing the higher shocks is able to pass a significant portion of the burden on to its more fortunate counterpart and increase total welfare. In summary, the results from the second set of simulations show that the higher volatility of shocks does have the expected negative impact on macroeconomic performance. The higher volatility of shocks also creates an interesting Prisoner's Dilemma whereby two policy makers who pick the best response coefficients to inflation and output end up at a worse outcome than could have been achieved by a simple Taylor Rule. Finally, the results show that the gains to cooperation continue to be uniform, as in Simulation I. There is little support for the idea that the adversely affected country can disproportionately help itself by passing on some of the burden to its more fortunate counterpart.
Simulations IIIa and IIIb: Asymmetry in Openness
The first two simulations had relatively few interesting explanations for differences in reaction functions, in the gains from reacting to external variables and in the gains from cooperation across countries. In both cases the only significant deviation from the baseline case was the worse performance of the adversely affected economy. The third set of simulations allows for a more significant role for open economy policy rules and for policy cooperation by introducing an asymmetry in the openness of the two economies.
In Simulation IIIa, the import share of the Foreign country is increased from 0.2 to 0.4 thereby increasing the impact of exchange rate fluctuations on the economy. In order to make the open economy dimension more important, we also increase the variance of the shocks to the exchange rate by a factor of 10, from 0.5 to 5.
Simulation IIIb also looks at the impact of high exchange rate volatility on an economy that is more vulnerable to fluctuations; however, vulnerability is measured along a different dimension, namely the impact of exchange rate fluctuations on the CPI. The variance of the shocks to the exchange rate is increased to 5 and we make the Home economy have incomplete exchange rate pass through: the Foreign country then is more vulnerable to exchange rate fluctuations. open economy rules should be more significant in Simulation III than in the first two simulations.
The second issue of interest is the possibility of asymmetric gains from cooperation. When a country is affected more by exchange rate fluctuations, there is a possibility that it can be substantially better off under policy cooperation. This can occur if the less open economy, operating under a joint loss function, internalizes the impact of its policy decisions on the exchange rate; it becomes more cautious in raising rates. For example, an interest rate increase that reduces CPI inflation also causes an exchange rate appreciation and therefore increases inflation in the Foreign country: the overall impact may be to increase the joint loss function. Such interest rate increases will be avoided under policy cooperation.
Non-Cooperative Case: Simulation IIIa
The following tables confirm that greater openness causes interesting deviations of the reaction functions from the baseline case. 
The most striking features are the extremely high reaction coefficients on inflation and output in the optimized Taylor Rule for the Foreign economy. The greater openness of the Foreign economy leaves it more vulnerable: with complete pass-through, exchange rate fluctuations cause fluctuations in the CPI. To keep inflation under control, policy makers have to react extremely strongly and raise rates; the impact, and therefore the policy maker's reaction, is more pronounced when the volatility of the exchange rate increases.
Furthermore, reaction coefficients in the Optimized Taylor Rule and in Open Economy Rule 1 are much larger than in Open Economy Rule 2. Policy makers desire reaction to the variable that is adversely affecting them, the real exchange rate. When their hands are tied on that dimension they compensate by reacting more strongly to domestic variables. All these effects, are much more pronounced for the Foreign, the adversely affected economy.
The last issue to be addressed is the macroeconomic performance of the two economies.
Specifically, examining whether the open economy policy rules, or even the optimized Taylor Rule are able to improve the performance of the Foreign economy following the initial negative impact of the shocks. The performance of the economies is presented in the following tables. Second, the Foreign economy is able to improve its performance substantially by following an open economy policy rule that includes the real exchange rate: it is able to directly react to the variable that affects it most. Third, the optimized policy rules perform substantially better than the simple Taylor Rule: the high reaction coefficients on inflation and output in the Foreign economy's policy rule enable it to improve its performance.
Cooperative Case: Simulation IIIa
What about the gains from cooperation? The non-cooperative results indicate that the economy adversely affected by exchange rate fluctuations can compensate by reacting to the real exchange rate or, to a lesser extent, by reacting more strongly to changes in domestic variables. In the cooperative case, the adversely affected economy can compensate through cooperation: Foreign can rely on Home to desist actions that cause currency appreciation and put inflationary pressure on Foreign's economy. A priori, the gains from cooperation are likely to accrue to the Foreign economy; perhaps even to the extent of making the Home economy worse off. The results for the cooperative case are summarized in the tables below. Dissecting the gains from cooperation for Simulation IIIa confirms the hypothesis that
Foreign has more to gain from cooperation. Home makes itself somewhat worse off, perhaps by being more vigilant about the impact of their policies on the real exchange rate than they would have been in the non-cooperative case. This internalization of the adverse impact on the Foreign country helps to make the Foreign economy proportionally better off, reducing the aggregate loss function. The overall gains remain small, regardless of the type of rule that is followed. 
Incomplete Pass-Through
Given the problems associated with estimating the UIRP equation, and the volatility of exchange rates in general, the magnitude of the "shocks" to the exchange rate are likely to be substantial.
One modeling issue is whether these fluctuations in exchange rates will automatically translate into fluctuations in import prices (and by extension in CPI inflation). If so, open economy policy rules, in which the policy maker reacts to the real exchange rate, are likely to yield substantial improvement in performance over closed economy policy rules. In the United States, in particular, empirical evidence suggests that pass-through is less than complete 37 : the U.S. CPI is much more stable in the face of exchange rate fluctuations than the CPI in the model would be under complete pass-through.
While pass-through is likely to be higher in Europe, the extent of pass-through may diminish as more goods are priced in terms of the Euro. A correction to reduce the impact of exchange rate fluctuations on CPI inflation seems necessary before proceeding with some applications of the model. 38
37 See Knetter (1993) . 38 The first best solution is to build pricing to market into the microfoundations of the model. The next table outlines the macroeconomic performance of the two economies. As expected the Foreign economy performs worse but is able to improve its performance dramatically through independent reaction to fluctuations in the real exchange rate. Such dramatic gains from independent reaction to the exchange rate are not surprising because, pass-through for the Foreign economy is assumed to be complete. The bottom line on the results for Simulation IIIb is that exchange rate fluctuations have less adverse an impact on the economy than in Simulation IIIa where an asymmetry in the import shares was introduced. However, monetary policy makers in the more open economy continue to reap greater benefits from having an external dimension to their policy decisions.
40 Note however that the import shares are now equal in the two countries. In summary, the impact of an asymmetry in pass-through coefficients seems to be substantially less than the impact of an asymmetry in import shares, even in the face of high exchange rate volatility. Once again, policy makers in the more vulnerable economy suffer adverse outcomes; they can help themselves by increasing their reaction to domestic macroeconomic variables or more substantially by reacting to the real exchange rate. Overall gains to cooperation are infinitesimal; the slight improvement that the Foreign country is able to achieve is almost completely offset by the slight worsening of the Home policy maker's loss function.
Conclusion
This paper performs a set of simulation exercises to examine the impact of asymmetries on the choice of, and performance of, simple monetary policy rules in a two country rational expectations model.
The first simulation shows that the symmetry of macroeconomic performance can be distorted by introducing a moderate degree of asymmetry in the persistence of inflation. The second shows that a lesser distortion occurs with the introduction of a moderate degree of asymmetry in the shocks that hit the economies. Furthermore, monetary policy makers are unable to compensate for the adverse impacts of either of these changes by adjusting reaction coefficients. This inability to find a monetary policy remedy suggests that policy makers can make things better only by at-tacking the root of the problem, namely the greater persistence of inflation or the higher shocks to inflation. To the extent that shocks to inflation are sometimes driven by inconsistent policy making and rigidities in inflation are driven by rigidities in expectations, a credible anti-inflationary stance can help alleviate the problem. However, the incomplete microfoundations of the model prevent a more complete answer to the problems caused by these asymmetries: this highlights the need for building open economy models with good microeconomic foundations.
The final set of simulations explored the impact of an asymmetry in the vulnerability of the two economies to exchange rate fluctuations. In the case, where the vulnerability comes from a greater share of imports, policy makers are shown to resort to extremely strong reactions to inflation and output fluctuations to counter the adverse impact on the economy. Policy makers are also able to substantially improve the macroeconomic performance through independent reaction to the troublesome variable, the real exchange rate. Disaggregating the gains to cooperation show that, in this type of scenario, the less vulnerable country has little to gain from cooperation; any cooperative agreement requires them to be willing to make itself slightly worse off in exchange for improving the well being of the more vulnerable economy dramatically.
The qualitative nature of these results holds up when the greater vulnerability is introduced in the form of a higher pass-through coefficient rather than a greater share of imports. However, the overall adverse impact of exchange rate fluctuations is more muted in this case relative to the simulations performed with a moderately higher import share in one country.
These simulation exercises can potentially be helpful in understanding the evolution of the relationship between policy makers in the U.S and the EMU as the EMU matures. The relationship between the U.S. and the EMU will be asymmetric as long as the EMU has higher shocks, a greater persistence of inflation and a greater vulnerability to exchange rate fluctuations, because of a larger import share and higher pass-through.
The results may provide grounds for thinking that better policy making by the ECB and a more dominant role for the Euro will help alleviate the performance asymmetries of the two economies. Until that time the external dimension of monetary policy is likely to be more important to the ECB: it should care about the value of the Euro much more than the Fed should care about the value of the dollar.
The aggregate demand for Home and Foreign goods is Yt
t . These aggregate demand functions can be rewritten in deviations terms as
where ω is the share of Foreign goods in Home consumption and ω * is the share of Home goods in Foreign consumption. By substituting in the expressions for Home and Foreign consumption of Home and Foreign goods we can obtain the following aggregate demand equations.
Assume that demand is pre-determined one period ahead and there is only partial adjustment of demand from one period to the next. Then the equation for aggregate demand is a weighted average of last period's output and the right hand side of the expression given above.
This gives us the aggregate demand functions that were presented in equations (1) and (2), where the reduced form coefficients are related to the structural coefficients in the following way.
B Derivation of the Supply Side
The decision faced by each producer is given by
where V [Yt+τ (i)] is the amount of inputs needed to produce Yt+τ (i) units of output and W is the per-unit cost of inputs. Λ is the marginal utility of income, it basically serves as a discount factor for future profits,
The first order condition for this problem is
Log-linearize this equation, around a stationary equilibrium where
where all the lower case variables are expressed in deviations terms. Evaluate the log-linearized FOC at the steadystate so that the following relationship will hold. (1 − ν) = −ν Assume that domestic inflation is pre-determined two periods ahead and adjusts only partially. Then domestic inflation will be a linear combination of lagged domestic inflation and the RHS of the above expression. The 18 equations that describe the dynamic path of the economy can be written in a more compact matrix notation using ei to denote a 1*18 row vector which is all zeros except for a 1 in the ith position. Λ0, Λ1 and Λ5 are all 18*18 matrices, Λ2 and Λ3 are both 18*2 matrices and Λ4 is an 18*6 matrix.
Λ0
X t+1 Etxt+1 = Λ1Ẑt + Λ2Ût + Λ3EtÛt+1 + Λ4Ŵt + Λ5υt+1 The matrices of coefficients in the above equation can be expressed as
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